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COMICAL  OOMPOSITIOH  OP  XICHOmFOftlTIES  IF  JET  HJELS 
FROM  SUL'FCfEOOS  pitbolhjm 

c 

V.  N.  Zrelov,  N.  I.  Marinchenka,  st  &U 

When  one  uses  on  aircraft  Jet  fuel*  fro*  eulfuroue  petroleum*  there 

reaulte  a  clogging  of  thevfuel  filters  and  gaps  in  the  oonneoted  parts  of 
the  fuel  apparatus  in  jet  engines  by  miorolmparities  of  filter  ing  elements 
in  the  fuel. 

Op  to  the  present  time  when  evaluating  the  dogging  tendency  of  fuels 
the  main  attention  has  -been  given  to  the  quantitative  side  of  the  question. 

■  i 

One  studied  the  change  in  the  content  of  micro impurities  in  the  fuel,  es¬ 
timated  the  siee  of  their  particles,  and  determined  the  filterability  of 
the  fuels  [l— 3].  . 

However,  in  order  to  really  evaluate  the  effect  of  the  micro impurities 
of  the  fuel  on  the  working  of  the  fuel  apparatus  of  the  engine  it  is  neoes-* 
sary  in  the  first  plaoe  to  know  the  chemical  composition  of  thes  impurities. 
For  fuels  obtained  from  the  sulfurous  petroleum*  of  the  Ural-Volga  petro¬ 
leum  region  of  great  significance  in  the  formation  of  mioroimpurities  are 
the  sulfam-organio  compounds  contained  in  the  fuels. 

The  ohemioal  composition  of  the  mioroimpurities  was  investigated  in  the 
TS-1  fuels  from  two  refineries  over  the  whole  course  of  their  movement  in 
the  railway  tank  oars  to  the  fuel  apparatus  of  the  engines. 

The  mioroimpurities  were  separated  from  20  1  of  fuel  by  the  centrifugal 
prooess  on  a  superoentrifuge  making  30,000  BJH  with  subsequent  separation  of 
the  fuel  by  vacuum  distillation  and  flashing  with  isopentane.  On  the  super¬ 
oentrifuge  there  were  separated  out  mioroimpurities  the  dimensions  cf  which 
were  greater  than  1—5  miorons.  Afterwards  the  mioro impurities  were  dried 
out  at  the  temperatures  of  20  and  105*C,  which  made  it  possible  to  get  an 
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id«*  of  the  content  in  .  them  of  structural  moiature,  The  absolutely  dry 
mloroimpuritiei  war#  analysed  for  C,  Hf  3,  and  I  by  tha  usual  aethode  of 
mioroanalys ia»  After  oaloination  of  tha  absolutely  dry  mioro  impurities 
at  500 — 550*C  tha  alaaant  composition  of  their,  aah  waa  determined  by  the 
speotral  amis  ion  method  on  tha  ISP-28  opeotrograph  for  24  elements.  Tha 
aeparation  of  the  mioroiapurities  waa  dona  with  oosaerolal  fuela  whloh  in 
thair  quality  fully  oorraapondad  with  003T  7149-54t 

At  tha  sam®  time  there  waa  atudiad  tha  ohsmioal  oompoaition  of  lapuri- 
tiaa  whioh  in  the  prooaaa  of  tha  filtering  of  tha  fuel  remained  behind  in  th 
mesh  and  in  oloth  filtara.  They  ware  fluahad  from  tha  meah  filtara  with  an 
aloohol-benaene  mixture.  After  distilling  away  tha  advent  they  ware  dried 
and  analysed  also  Just  aa  tha  aioro impmr it iaa  separated  from  the  fuela. 

They  were  not  fluahad  from  tha  oloth  and  paper  filtara  but  analysed  together 
with  the  filtering  material.  Along  with  this  filtering  material  wae  anal¬ 
ysed  of  tha  a  am  e  dimanaiona.  Tha  ohesoioel  oontent  of  tha  precipitate  waa 
determined  by  the  diffaranoa  in  tha  amounta  obtained  fsea  tha  dirty  and  the 
dean  filters. 

In  tha  micro impur it iaa  on  some  oloth  filtara  there  waa  found  the  oon- 
tent  of  the  orgsnio  part  by  the  method  of  ita  extraction  with  ohloroform 
in  tha  Soxhlet  apparatus  into  whioh  there  were  put  tha  pieces  of  filter  lag 
material  oontaining  tha  miorolmpurlties, 

Tha  oharaotariatioe  of  tha  mioxo impurities  of  tha  TS-1  fuel  tranported 
from  tha  rtf in* rise  in  tank  oars  are  presented  in  Table  1,  Prom  tha  data 
given  one  aaae  that  tha  aioro  impur it iaa  of  the  fuel  oonsist  of  three  oompo- 
ments  ■■aah  elecenta,  organio  tar  part,  and  "structural  moisture. *  In  trana 
porting  the  fuels  on  tha  railroad  tha  aloroimpuritiea  increase  through  ash 
addition  with  a  small  oontent  of  water  and  tare. 
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T  a  b  1 


admixture*  of  mineral  origin 
py  an  important  plaoe. 


Refin- 

lef in-  \ 

err  I 

err 

JUL 

Item 

Ave  r— 

Aver 

Res-  I 

age 

age 

i- 

speoi- 

speoi- 

due 

men 

men 

1 

Weight  of  air-dried 

1 

micro impurities, 

sA . 

1.55 

6.0 

155 

Weight  of  absolutely 

dry  mioroimpurities, 
«/t . 

1.49 

5.4 

108 

Moisture  of  mioroira- 

6.2 

purities,  i» ,  .  . 

9.63 

10.4 

Ash  oontent  of  abso- 

lutely  dry  mioro- 
impurities,  i» .  . 

62.86 

59.5 

81.9 

Element  oomposition 

of  abso]  tely  dry 
mioroimpur it ies , 

C . 

27.94 

30.08 

8.63 

II . 

5.61 

6.95 

3.U 

s . 

0.84 

0.38 

0.15 

only  a 

;  h . 

0.98 

0,59 

trsce 

! 

0 . 

29.93 

35.4 

53.38 

. . 

6.28 

8.6 

33.0 

Si . 

11.5 

5.6 

1.12 

. . 

4.3 

2.3 

0.04 

Mg . 

4.64 

0.95 

0.25 

. . 

0.8? 

0.58 

0.08 

Reel- 

107 

0.88 

due 

Notea  t  1.  Be,  Ti,  Or,  Ni,  Mn, 

- Pb,  Snf  and  Ou  are  present 

imall  quantities, 

2.  Be,  Bi,  V,  Mo.  Co,  Ag, 
3d,  and  Sb  are  absent, 

3.  The  given  notations 
L  good  for  the  following 
Les, 

4.  The  residua  amounts 
5 1>  of  the  whole  amount 
fuel. 

The  ash  oontent  of  these 


Compounds  of  nitrogen  are  absent. 

The  mioro impurities  found 
in  the  fuel  in  the  suspension 
state  are  enriched  by  sulfur- 
ous  and  nitrous  oompounds. 

The  amount  of  sulfur  in  them 
goes  as  high  as  0.38— 0,84^ 
the  amount  of  nitrogen  0,28— 
0.59&  These  mioroimpuritieo 
contain  more  tar  products  and 
water.  Among  the  ash  elements 


oontaining  oompounds  of  Si,  0a,  Mg,  and  A1  oeou- 
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Tho  increase  in  the  micro  impurities  oonttijisd  in  the  fuel  of  the  amount 
of  the  organic-tar  part  and  sulfur  causes  the  mioroimpuritiea  to  remain  in 
suspension  and  impedes  their  precipitation  from  the  fuel. 

After  emptying  from  the  railroad  tank  oars  the  fuels  ander  warehouse 
condition*  are  put  through  a  settling  process  and  filtration  through  mesh 
and  oloth  filter*.  On  the  airplanes  the  fuels  are  also  filtered  through 
mesh  and  paper  filters  with  a  higdi  degree  of  filtering.  Through  this  the 
quantltity  of  mioroiapuritiss  in  the  fuels  is  diminished. 

As  a  result  Of  .the  study  of  the  residue  and  filtration  of  the  fuel*  it 
wae  established  that  the  purification  of  the  fuels  depends  on  the  s'se  of 
the  partioles  of  impurities  contained  in  the  fuel.  Research  of  the  effect 
of  the  oheaioal  composition  of  the  mioro impur it ie 8  on  the  process  of  their 
settling  and  filtration  from  the  fuels  was  not  done. 

The  data  of  the  ohangt  in  the  amount  and  composition  of  the  mioro impuri¬ 
ties  in  the  TS-1  fuel  in  tho  process  of  it*  sedimentation  and  filtration  in 
the  oombustible  storage  and  on  tha  airplane  ore  given  in  Tables  2  and  3. 

From  the  data  presented  it  Is  seen  that  in  the  prooees  of  sedimentation  and 
filtration  of  the  fuel  there  is  a  sharp  deoreaae  in  it  of  the  amount  of  com¬ 
pound!  containing  sulfur  and  nitrogsn. 

In  tha  TS-1  fuel  of  refinery  „  I  the  amount  of  sulfur  is  brought  down 
to  ont  fourth,  and  at  refinery  II  to  one  fifth.  The  amount  of  nitrogen  is 
lowered,  respectively,  by  factors  af  2.7  and  2.  There  is  a  decrease  also 
in  the  mioro iapur it ies  of  the  amount  of  ash  elements. 

In  Table  4  there  are  presented  the  oharaoteristios  of  tho  sediments 
taken  from  the  reservoir*  and  fuel  tank  aafter  keeping  fuel  in  them  under 
oonditions  of  storage.  Froa  the  data  presented  it  follows  that  in  the  set¬ 
tling  there  are  separated  out  deposit*  enriched  by  the  ashes  of  elements 
with  a  small  quantity  of  water  and  tarry  substanoes.  The  oontent  of  ash  in 
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the  sediment  Mounts  to  So — 84^  and  moisture  7 — in  the  sediment  there 

is  very  little  sulfur  and  nitrogen.  The  basic  components  of  the  sediments 

Table  2  prove  to  be  produots  o  f 

1 

the  corrosion  of  the  Fe 
and  mineral  admixtures 
containing  compounds 
of  Si,  Ca,  and  Mg.  In¬ 
to  the  sediment  also  go 
compounds  of  2n  and  Pb, 

The  micro  impuri¬ 
ties  of  the  TS— 1  fuel 
which  have  compounds 
containing  sulfur  and 
nitrogen  are  separated 
out  in  the  Bedim?  nt  in 
lesser  quantities, 

in  analysis  of  the 
preoipitate  accumulated 
on  the  meshes  of  storage 
and  airplane  filters 
is  given  in  Table  5. 

It  is  seen  that  the  impu¬ 
rity  of  the  T$— 1  fuel, 
[which  contain*  *ulfur-or- 
ganio  compound*  is  prao— 


I 

1 

Fuel  from  refinery  11 

Item 

From 

B.  B. 

tank 

cars 

r 

From  dis*-*  [ 
tributing 
storage  j 

1 

_ _ 4 

1 

After 

air¬ 

plane 

filter¬ 

ing 

Weight  of  &ir»dried  micro- j 

j 

j 

| 

1 

i 

i 

! 

impurities  g/t  . 

6.0 

2o42  | 

1.58 

Weight  of  absolutely  dry 

i 

I 

mioro impurities,  g/t.  . 

5.4 

2.10 

1.13  | 

Moisture  of  raioroimpuri- 

ties,  % . 

10.4 

13-6 

28.55 

Ash  oontent  of  absolutely 

dry  mioroimpurities,  $ 

59.5 

60.93  , 

54.5 

Element  composition  of  ab- 

solutsly  dry  mioro impuri 

|  ities,  $>1 

C . 

30.08 

14.21 

17.94 

H . . . 

6.95 

4.51 

6.08 

S . 

0.33 

0.13 

0.07 

N  .  .  .  .  . . 

0.59 

0.55 

0.25 

0  .  .  .  . . 

35.4 

29.5 

30.86 

!  Fe . 

8.6 

31.4 

19.0 

Si . 

5.6 

4.5 

6.8 

j  Ca  .....  .  . 

2.3 

1.1 

3.82 

[Mg . . 

0.95 

0.92 

2.6 

1  A1 . 

0.53 

0.28 

0.51 

Na . . 

0.88 

0,62 

0.55 

tioally  not  caught  by  the 

trogsn  in  the  sediment  is 

mesh  of  the  filter 

oonneoted  with  the 

*•  The 

fact  th 

broua  material  i*  caught  in  greater  quantities,  suoh  material  getting  into 
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Fuel  from  refinery  I 

Sediment 

From 

From 

After 

From 

From  sed»- 

H.  R. 

ai*- 

air- 

rez- 

iment  of 

Item 

tank 

plans 

plane 

Item 

er- 

supply 

oars 

res- 

filter- 

voir 

tank 

er- 

ing 

— . -  - . 

voir 

Weight  of  air-dried 

deposit,  g/t  .  . 

14  *  6 

2.0 

Moisture  of  mioro- 

impurities,  $ 

9.63 

9.0 

17.8 

Weight  of  absolutely 

dry  deposit,  g/t 

13.0 

1.84 

Ash  content  of  ab- 

solutely  dry  mi- 

Moisture  of  sedi— 

oroimpurities,  $ 

62.86 

67.2 

69.6 

ment,  #  .  .  .  . 

7.0 

7  7 

Element  oomposilLon 

Ash  content  of  ab- 

of  abaolutely 

sollrtely  ary  sed- 

dry  mioroimpuri- 

iment,  .  .  . 

79.5 

84.1 

tlSLf  $>t 

Element  content  of 

C  .  ,  .  , . 

.27,94 

19.33 

23.19 

absolutely  dry 

deposit,  fit 

H . 

.  5.61 

5.5C 

5.1 

C . . 

7.54 

12.92 

S  ........  . 

.  0.84 

0.58 

0.22 

S . 

0.24 

0.1 

H  .  ,  .  . . 

.  C.98 

0.43 

0.36 

H  . . . 

3.02 

7.52 

0 . 

.29.93 

37.28 

43.02 

N . 

0.23 

0.27 

Fe  .  . . 

.  6.28 

8.51 

2.85 

0 . 

44.95 

18.12 

Si  ........ 

.11.5 

16.1 

11-3 

Fe . 

■  35.1 

45.4 

Ca  / . 

4.3 

0.45 

2.85 

! 

Si . 

1.9 

12.2 

|  Mg  ........ 

4.64 

1.98 

3.44 

Ca . 

0.8 

2.35 

0.82 

3,6 

3.8 

. 

Mg . 

0.48 

1.22 

Na  . . 

1.37 

1,24 

0,13 

AIL  eeeeeoee 

0.54 

0.84 

i_ — 

Kb . 

due 

0.74 

Zn  . . 

|  1*4 

1.7 

?b  ........ 

1.82 

! 

2.86 

! 

the  fuel  in  cleaning  the  tank  as  &  result  of  the  partial  breakdown  of  the 


FTD-TT-392/1 


6 


f“» V*t>4 ft  fM  1  fnrtV»f.a  rtf'  -fchrt  iiiai'iiirH  filters. 
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Table  5 


Sediment  from 
mesh  filters 


Moisture  of  sediment,  ft 

Ash  content  of  absolute* 
ly  dry  sediment,  $ 


5.35  2.5 

58.43  48.65 


Element  content  of  ab- 
ao!  tely  dry  sedi¬ 
ment,  %* 


20.52 j  31.79 
5.29 
0.29 
0.62 
29*31 
29.2 


5.65 

•5  rs 

10.8 

a  ry  1 

0.74 

0.7 

5.01 

0.58 

8.3 

0.98 

0.5 

1.72 

2.92 

For  this  reason  the  ash 
Table  6 


Storage  fabric 

1st  step  of  filtration 

75.09 

3.89 

ditto  . 

85.35 

8.03 

ditto  . 

84.11 

50.3 

2nd  step  of  filtration 

81.54 

15.21 

ditto  . 

90.29 

32,3 

Airplane  paper 

After  5  hrs.  work  .  .  . 

82.46 

3.74 

It  Q  II  It 

y  e  e  e 

87.19 

6.57 

i  «  11  "  "  .  .  . 

t 

89.95 

2.8 

Elemer 

josit: 

.on  of 

C 

H 

S 

N 

70.76 

10.75 

3.34 

1.05 

70.08 

14.36 

1.84 

0.70 

70.21 

10.90 

1.76 

0.71 

71.09 

1C.  31 

1.21 

0.60 

j  {2nd  step 

_ J _ I  i 

ditto 

»  < 

fabrio  filtering  jackets  of  the  storage  filters.  For  this  reason  the  ash  con 
tent  of  the  deposits  on  the  mesh  filters  is  not  great  and  amounts  to  48— 58$. 
Of  the  ash  components  the  mesh  filters  hold  baok  mainly  coarse  particles  of 
impurities  in  the  TS-1  fuel,  consisting  of  the  produots  of  oorrosion  of  steel 
and  zino  surfaces  of  the  storage  equipment  and  including  particles  of  silicon 
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othsr  mineral 

Prom  the  data  obtained  it  is  seen  that  the  mioroimpurities  of  the  TS~1 
fuel  impregnated  with  compounds  oontaining  sulfur  are  hardly  held  back  by  the 
mesh  filters. 

The  basic  mess  of  mioroiapurities  of  the  TS-1  fuels,  saturated  with  the 
organio-tar  part,  are  taken  out  by  the  storage  fabric  filters  and  the  air¬ 
plane  paper  filters  (Table  6).  The  storage  filters  are  clogged  by  mioroim- 
purities  when  the  content  in  them  of  tar  amounts  to  75—90$*  The  airplane 
paper  filters  aro  clocked  by  micro Impurities  when  the  content  in  them  of  tars 
reaohee  82—89$,  and  the  longer  the  work  lasts  the  more  the  tar  content  in  the 
deposit  on  the  paper  filters  will  be. 

Por  determining  the  content  of  the  basio  component  of  the  deposits  on 
the  fabrio  filter*  in  the  storage  plaoes  the  organic  tarry  part  was  extracted 
from  them  by  chloroform.  In  Table  7  there  is  shown  the  element  content 
of  the  tars  extracts!  from  the  storage  fabrio  filters. 

Prom  the  data  obtained  it  follows  that  along  with  the  oxygen  compounds 
in  the  deposits  there  is  a  considerable  amount  of  compounds  containing  sul¬ 
fur  and  nitrogen. 

The  amount  of  content*  oontaining  sulfur  in  the  depostita  on  the  fabric 
filters  reaches  20— 35$  (from  the  computation  for  the  average  molecule  of 
deposit).  The  great  amount  of  oxygen  in  the  depo&it  (up  to  3—4  atoms  per 
average  mcleoul*)  is  evidence  of  the  fact  that  the  sulfur-organic  compounds 
held  back  by  the  fabric  filters  are  present  basically  in  the  form  of  oxidized 
products. 

Thus  the  decrease  in  the  compounds  containing  sulfur  in  the  miorolmpuri- 
ties  of  the  TS-1  fuels  in  their  transportation,  settling,  and  filtration,  re¬ 
sults  from  the  removal  of  this  group  of  micro iapur it ies  frees  the  fuels  oa 
the  fabrio  and  paper  filters.  Consequently  the  sioroimpu^ities  saturated 
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by  oorapounde  oontalnirur  *u!?*ir  q§ur«  *  c lagging  of  the  atorsat  fabric  filters 
and.  the  airplane  paper  filters, 

Conolus  ions 

1.  The  micro impurities  of  the  jet  fuels  from  sulfurous  petroleums  con¬ 
sist  of  ash  elements,  tars,  and  “structural"  water, 

?.  In  the  process  of  transportation,  settling,  and  filtration  of  the 
fuels  there  occurs  a  separation  of  the  microinpurities  in  accordance  with 
their  chemical  composition.  The  mioroimpurities  saturated  with  ash  elements 
settle  and  are  filtered  out  in  the  mesh  filters  of  the  airplanes.  The  micrO- 
impurities  saturated  with  tar  products  and  water  basically  remain  In  the  fuel 
in  the  suspended  state. 

3.  Into  the  composition  of  the  tarry  part  of  the  mioroimpurities  of  the 
fuels,  along  with  oxygen  oompounds,  there  go  up  to  20 — *30$  of  oxidized  com¬ 
pounds  containing  sulfur, 

4,  In  the  prooess  of  the  filtration  '■'f  fuels  there  occurs  a  decrease  in 
the  quantity  of  compounds  oontMning  sulfur  in  the  mioroimpurities  of  the  fuels. 

The  oonpounds  with  sulfur  in  the  fuels  are  retained  in  the  storage  fab¬ 
ric  filters  and  the  airplane  paper  filters  ,  for  which  reason  the  latter  quick¬ 
ly  become  o logged. 

At  the  fuel  storage  places  the  basic  amount  of  mioroimpurities  oontaining 
sulfur  is  held  back  by  the  f&brio  filters  of  the  1st  step  in  filtration. 
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Nr.  Copies 

MAJOR  AIR  COMMANDS 

Nr.  Copies 

DEC 

20 

AP3C 

SCFDD 

1 

TDBDP 

2 

TDBTL 

s 

TDGS 

1 

HEADQUARTERS  USAF 

SSD  (SSFAR) 

2 

TDEPF 

I 

TDEPR 

*> 

j. 

ARL  (ARB) 

1 

APFTC  (FT?) 

n 

j. 

AFETR  (M TV) 

T 

X 

ASD  (ASFA) 

2 

BSD  (BSF) 

1 

OTHER  AGENCIES 

AEG 

2 

ARMY  (FSTC) 

3 

ATD 

2 

CIA 

1 

DIA 

4 

NAF1EC 

1 

NASA  (ATSS-T) 

1 

NA71’ 

NSA 

6 

OAR 

1 

OTS 

2 

PWS 

1 

PGE  (Steensen) 

I 

RAND 

1 
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